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Meier V2 H/INRBYAAERRER , A7 HHER I HLBER FH Breslow Kilh, Z5R 1R 8. 16, 24, 32 J& 4NQO 41. 4NQO/SJC
(91 mg) #H. 4NQO/SIC (182 mg) 4/NEUAFTRILT Control ZH, 32 J& 4NQO/SIC (91 mg) #H. 4NQO/SJIC (182 mg)
H/NEUARFHEE T 4NQO 4H ( P<0.05) . Breslow Koz wow, 4 4/NFUETFIIZR HLE:, Z2RA55024E X ( x’=9.907,
P=0.019) . HE Je@85 8010, ANQO 4I/MNREE LIV AR H L, AHESIZEEL, O (LR S5 5w Bk
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[ Abstract] Background FEsophageal carcinoma is a common malignant tumor of the gastrointestinal tract in China
and even globally, with a high incidence and mortality rate. As a traditional Chinese medicine, Salvia chinensia Benth ( SJC.)

has the effects of clearing heat and detoxifying, promoting blood circulation and easing pain in the treatment of esophageal
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cancer. Pharmacological experimental studies have proved that SJC has anticancer properties and can effectively treat a variety of
malignant tumors. Objective To explore the effect and mechanism of SJC in the inhibition of carcinoma in situ esophageal cancer
development of C57 mice based on ferroptosis. Methods Ninety SPF grade C57BL/6 female mice were selected from February
2022 to February 2023 and randomly divided into Control group (n=15) , simple 4-Nitroquinoline N-oxide (4NQO ) —induced
cancer group (4NQO group, n=25) , 4NQO+ low—dose SJC group [ 4NQO/SJC (91 mg) group, n=25 ] and 4NQO+high
dose SJC group [ 4NQO/SJC (182 mg) group, n=25] . The preparation of in situ model of esophageal cancer in C57 mice
was carried out using 4NQO induction. The activities of the mice were observed, their mental state, food and water intake were
recorded, and the body mass of the mice was measured and recorded at 8—week intervals. Hematoxylin—eosin ( HE ) staining
and pathological analysis of esophageal tissue were performed after 32 weeks. The contents of Fe’*, glutathione ( GSH ) and
malondialdehyde ( MDA ) in esophageal tissues were determined, and the expression levels of nuclear receptor coactivator 4
(NCOA4 ) and glutathione peroxidase 4 ( GPX4 ) in esophageal tissues of mice were detected by western blot. Kaplan—Meier
method was used to plot the survival curves of mice, and Breslow test was used to compare the survival curves. Results The
body mass of mice in 4NQO group, 4NQO/SJC (91 mg) group and 4NQO/SJC (182 mg ) group at 8, 16, 24 and 32 weeks of
modeling was lower than that in Control group. The body mass of 4NQO/SJC (91 mg) group and 4NQO/SJC ( 182 mg ) group at
32 weeks was higher than that of 4NQO group ( P<0.05) . The results of Breslow test showed that there was significant difference
in the survival curves of mice in the four groups ( x *=9.907, P=0.019) . The resulis of HE staining showed that esophageal
epithelial tissue of mice in 4NQO group showed abnormal proliferation, disordered cell arrangement, and abnormal pathological
changes such as keratinized beads. Compared with 4NQO group, the esophageal epithelial histopathological changes in 4NQO/
SJIC (91 mg) and 4NQO/SJC (182 mg) groups were significantly improved. Fe** and MDA in 4NQO, 4NQO/SJC (91 mg) and
4ANQO/SJC (182 mg ) groups were lower than those in Control group, and GSH was higher than that in Control group ( P<0.05) .
Fe’* and MDA in 4NQO/SJC (91 mg) and 4NQO/SJC (182 mg ) groups were higher than those in 4NQO group, and GSH was
lower than that in 4NQO group ( P<0.05) . Fe* and MDA in 4NQO/SJC (182 mg) group were higher than those in 4NQO/SJC
(91 mg) group, and GSH in 4NQO/SJC (91 mg) group was lower than that in 4NQO/SJC (91 mg) group ( P<0.05) .
NCOA4 in 4NQO group was lower than that in Control group, 4NQO/SJC (91 mg) group and 4NQO/SJC ( 182 mg) group,
and GPX4 was higher than that in Control group, 4NQO/SJC (91 mg) group and 4NQO/SJC (182 mg) group ( P<0.05) .
The GPX4 of 4NQO/SJC (91 mg) group and 4NQO/SJC (182 mg ) group was higher than that of Control group ( P<0.05) .
Conclusion [t is proved that SJC can interfere with the development of esophageal cancer development by a mechanism that may
be related to NCOA4-mediated ferritin phagocytosis.
[ Key words ] Esophageal carcinoma; Ferroptosis; Salvia chinensia Benth; Induction of carcinoma in situ;
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142 54525, 90 2 CSTBL/6 /N, 38 W 1R 5%
1JE G, BEPLS A X B (Control 4, n=15) . HL4fi
4NQO 75 95 41 (4NQO #H, n=25) . 4NQO+SJC 1% 7| &
ZH [ 4NQO/SIC (91 mg) 4, n=25] il ANQO+SJC 1= 7
w41 [ 4NQO/SIC (182 mg ) 41, n=25 | . & Control 415},
HAS M/ THRE N 0.1 o/L 1Y 4NQO I 1 ik
F, 16 RG4S S IR K B /N A T-m bk,
4NQO/SJC (91 mg) 4. 4NQO/SJC (182 mg) ZH/INEES
8 IR TIRA SIC TR pfaARE, BT 32 J4.
Z SIC I R 2578 30~60 g ( IR 60 kg,
BUEHIRT R 20 o, #022%009.1 : 1%) , 4NQO/SIC
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HIN L2557 5 R 182 me/d.
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F1 4 HPRIEFTR B (g)
Table 1 Changes of body mass in 4 groups of mice

Wil A 0 J 8 Ji 16 Ji * 24 Ji * 32"
Control £ 15 15.47 £0.49 17.24 +0.53 19.06 +0.75 23.12+0.94 29.44 +1.91
4ANQO 4 25 15.56 +0.43 16.90 = 0.35" 16.08 +3.37" 14.67 +4.93" 12.13 £ 6.76"
4NQO/SIC (91 mg) 41 25 15.46 + 0.56 16.77 + 0.44" 15.58 +3.28" 15.50 +3.53" 16.28 +5.86"
4NQO/SJC (182 mg) 4 25 15.49 +0.79 16.66 = 0.69" 14.72 + 4.46" 15.65 +3.62" 17.15 £ 435"
FA8 0.116 4269 5.228 18.699 33.228
P1E 0.951 0.007 0.002 <0.001 <0.001
T ANQO= B2 ARSI T 4, Control 20 = XHIRZL, 4NQO 41 = H4ll ANQO A4, 4NQO/SIC (91 mg) 41 =4NQO+SJC {544, 4NQO/SIC

(182 mg) 41 =4NQO+SIC 7l Edl; * Fm/NEAFAEER, P FR 5 Control 41 HAZ P<0.05, © R 5 4NQO 41Lh3% P<0.05.

22 4APMRBEREEEUR

Control 41 /N B £ 48 4 BEF- 1, PR R 2, 4NQO
H/NRE SRR BRI PIS, Wik, 20K
INREESETY, UHAEEE DN B UL, 4NQO/SIC
(91 mg) ZHH14NQO/SIC (182 mg) 4I/NERE AL/
T R Z ], % ANQO i anie, 45Tk
AEXEE >, WL 2,

100

60 =

40 = ke Control 2
—— 4NQO 41
I 4NQO/SJC (91 mg) 4
ke ANQO/SJC (182 mg ) £H
1 1 1 1 1 1 1 ]
0 4 § 12 16 20 24 28 32
AfiE] (A
. Control 41 = XF R4, 4NQO 4 = B.45 ANQO i Jm 4L, 4NQO/
SIC (91 mg) £l =4NQO+SJC fILHI 4L, 4NQO/SIC (182 mg ) £ =4NQO+
SIC =
1 SEERJEIN /MR Kaplan—Meier A= 77112k

Figure 1 Kaplan—Meier survival curve of mice during the experimental

A AE (%)

20 =

cycle

2 AH Control 41, BN 4NQO ZH, C 4 4NQO/SIC (91 mg) 4,
D #y 4NQO/SJC (182 mg) 4.
2 AH/NREERIRIEE
Figure 2 Gross morphology of esophagus in 4 groups of mice

23 44E/NEREHEL HE LB RFBEESNER
HE Je o] ffi 41 g i 5 M B I AZ R e s (2, 2

JoT 5 A AP T Y B AT, e B SR T I, Control 41
INREENLUR BRI T HIRMEN A, L EASRKE
SERE, bR )RS B, A HOHES FE ST ANQO 4/
MBS LA R R wEAe, M =R, Bl
FAALER S SR B s 5 ANQO 4L A, 4NQO/SIC
(91 mg) 411 4NQO/SIC (182 mg) 4 I J 4141
P AP AR B g phsg, Hod ANQO/SIC (182 mg) 41IR AR
JKF4E ANQO/SIC (91 mg) 1, VLA 3.

. AN Control 41, B 4NQO 41, C 2}y 4NQO/SIC (91 mg) 4,
D 2} 4NQO/SJC (182 mg) 4.

3 AH/NREE LRHS HE JEZ0 (x200)
Figure 3 HE staining results of esophageal epithelial tissues in 4 groups of

mice

FGHREE L], 32 JHJS Control 41/ BUE R A K
I S FEZH 220 AE; ANQO 41/ N (=14 )4 14.3%( 2/14)
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B SRR A 50.0% (7/14) FEZS H BREEIR 40 i
Jii; ANQO/SIC (91 mg) A/ME (n=19) £ 31.6% (6/19 )
HANRA B SR A 42.1% (8/19) 8%
A B SRR A: A 26.3% (5/19) HEbRAS HYBL
9 R 40 Mg s 4ANQO/SIC (182 mg) ZH/MEL (n=20) A
45.0% (920 ) HAWRA IR B S AU A | 40.0% ((8/20 )
A SprAs th I B2 57 AU A, 15.0% (3/20) A18UAs



<3788+ hitp:www.chinagp.net  E-mail:zgqkyx@chinagp.net.cn

I ERR A AR . 3 A/ RN ERG R AL, ERA
Gt X (P<0.001)
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4NQO/SJC (182 mg) #1 Fe™. MDA # & F 4NQO/SJC
(91 mg) 4, GSH MK T 4NQO/SJC (91 mg) 4, #
SAEGIEE L (P<0.05) , W2,
25 4HNRBEEHLE NCOAL, GPX4 EERIEKTE
4 H/NFEEHS NCOAL, GPX4 HHFILKFH
5, ZRAGIHEE L (P<0.05) o A AR BR,
4NQO £ NCOA4 ik F Control £, 4NQO/SJC (91 mg ) 4H .
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4NQO/SIC

Control 4] 4NQO 2 (91mg) 41 (182 mg) 4
5 [ .
NCOA4 - — ———— — 70 kD
L —
CPx4| g QN = 19kD
B —actin | w—— e C— S— | )

H: NCOAd= BZ IO N F 4, GPXd= 73k H ki (et 4.
B4 R P G g B A% 2 D LU 4 41 GPX4. NCOA4 Fil
B —actin 2 [ FRIA L
Figure 4 Expression levels of GPX4, NCOA4 and 3 —actin proteins in

esophageal tissues of mice in four groups measured by western blot

FRPURRCR, XRLIME . P S 2 REE R T R
53 Y AR BARTIBE Y O ZE S SIC i B R
TEALER I /Unc-51 BRI 1 ( AMPK/ULKL) {55438
PR AN 2R E Y L ASHIFSE R R 4NQO 4H
JNERAHEE Control ZH/NFREAEHEORL, ZRmm M A,
IR/ INANEELEN 2 SUTA G B s e W/ RS 7
JERRNAE S R 15 4NQO 4l s, ARIFIE SIC T
Wia /NS ARGN, S50, e A R
F HAAFRI RIS . X R SIC AT 10T LA & 4 i)
NS IR R 2R

BAUT B T bh T8 Fe™ A B L Fe %
ISR R R A A, KSRGS AL, R AN

F2 A4UMUEEAL Fe™ . GSH M MDA £ B HREE R (mg/g)
Table 2 Comparison of Fe”, GSH and MDA contents in esophageal tissues of mice in 4 groups

bai| HE Fe™* GSH MDA
Control Z1 15 1.34 £0.06 2.38 +0.06 0.36 + 0.04
4NQO 4 14 0.49 +0.10" 8.35 +0.08" 0.18 +0.01"
4ANQO/SJC (91 mg) 41 19 1.08 +0.05" 6.11+0.22" 0.28 = 0.02"
4NQO/SIC (182 mg) 4 20 1.21 +0.04"™ 2.90 +0.23™ 0.32+0.04
FAg 99.246 384.764 19.491
PAE <0.001 <0.001 <0.001

W GSH= Wt ik, MDA=§ —F¥; * %785 Control ZH LL#: P<0.05, " 7”15 4NQO 4H LL % P<0.05,

P<0.05,

“ FIR 5 ANQO/SIC (91 mg) 4l HHR

£33 4AUNREEAZINCOAL, GPX4 B IHIX Fik bt
Table 3 The protein expression levels of NCOA4 and GPX4 in esophageal tissues of four groups of mice

4y % NCOA4 GPX4
Control ZH 15 1.00 £ 0.14 1.00£0.11
4NQO 4 14 0.42 +0.22" 1.91 £0.26"
4NQO/SJC (91 mg) #H 19 1.05 +0.03" 1.56 £0.10"
4NQO/SJC (182 mg) 41 20 1.22+0.19" 1.33£0.15"
FAG 13.735 20.289
PAH 0.002 <0.001

s NCOA4= B2 WHBAR A1 4, GPXd= Ak H ikt S AL i 45

F7R5 Control £H AR P<0.05, " F/R15 4NQO 40 L4 P<0.05.,



(P maznEz

20245108 #27% %308

FEOG PR BTG S5 N, B KR s PR, Sl
JIFET: 1 BRI T BRI, A AR BB
fitt h— RV AL A Y, a0 MDA I fE it # o
GSH EZHHUAAVER, ] hFnad Ak g I O3 s iy
wshtE, Mt ez Eik, FAEAPLEL
FeFRB R L s Fe*. MDA. GSH Z4kFET- 1Y
FEREY ., AL, TENREEAs , HET
4NQO 41, SJIC T WA/ BUE AT 41 Fe™ il MDA &
I BTE, GSH S BREIL. #8R SIC s e ik
Fe?* HERURIFRAR L ALK 24515 5 B EIE Tk 4k
HIFE A

YER—Fr RIsET- =X, PIET- AL S 2 g
R RGOS, Hh s g Eal . &R
PR RS B A A 2R T R, NCOA4
JERRIET- B SRR K T, EEE A SR A
RAEVEH . BRE EREREmE, Bhiies re™, sl K=
Fe ERRASEIET " . i GPX4 hIF] GSH K44
PUEACTE, PS40 P 6 A A A B, s g 440 e
BRIET-H R AR L ARSI T B NCOA4 F GPX4
MEAENSERRR, 5 4NQO AL, SIC FHiAY/
FUE A 4140 N NCOAd FR (R B, GPX4 HEH#E
KRR, BB SIC R T /N VB IR 4n M e AE T 1Y
KA, HALHITTAES NCOA4, GPX4 A%,

BT, &8 AR M AR 2. Fik, e
PIHZ RSy . 2805 BRI B B G L A E B
K, AH R T80T A AR LS AN I S ) ARBHFSY
M SIC IR B R AL T BRI , AR RIALH AR
RO TR A L

BTk, FHREAREHE . AT REE
B, WX AT ARERRTRR S L, BT ENY

Bk, BXIBE; KEXR. TE. FWSATSE
T HEANCE A &8 F b okl S R R
FATGAH F oM

AXFA HFE,
2% 3k

[1]LIUC Q, MAY L, QIN Q, et al. Epidemiology of esophageal
cancer in 2020 and projections to 2030 and 2040 [ J ] . Thorac
Cancer, 2022, 14: 3-11.DOI: 10.1111/1759-7714.14745.

[2 ] UHLENHOPP D J, THEN E O, SUNKARA T, et al. Epidemiology
of esophageal cancer: update in global trends, etiology and risk
factors [ J ] . Clin J Gastroenterol, 2020, 13 (6) : 1010-1021.
DOI: 10.1007/s12328-020-01237-x.

[3 ] X0, BRIRRR, SRR | A1 DL 2F KOHAR BT M i T e ) .
AR PV P 4 A 4 7, 2018, 27 (30) : 3417-3420. DOL:
10.3969/}.issn.1008-8849.2018.30.034.

[4]SHIL, LIUY Q, LIM H, et al. Emerging roles of ferroptosis in

the tumor immune landscape: from danger signals to anti-tumor

hitp:www.chinagp.net  E-mail:zgqgkyx@chinagp.net.cn. <3789+

immunity [ J ] . Febs J, 2022, 289 (13) : 3655-3665. DOI:
10.1111/febs.16034.

[ 5] HASSANNIA B, VANDENABEELE P, VANDEN BERGHE T.
Targeting ferroptosis to iron out cancer [J] . Cancer Cell, 2019, 35

(6) : 830-849. DOI: 10.1016/j.ccell.2019.04.002.

[6] XU G X, WANG H, LI XL, et al. Recent progress on targeting
ferroptosis for cancer therapy [J] . Biochem Pharmacol, 2021,
190: 114584.DOI: 10.1016/j.bep.2021.114584.

(7] REK. BT HIEWGTR BRI E I8 0 7E E  I #
PEMER LD ] A WLERIRS, 2022.

[8 ] ARde s . BRA 0 ] SE A WR BR 175 2 SEARE /I BB 1 B4
KALHDITE [D ] .5 IR EZTRY:, 2022,

[9] WANG K N, HUY, HAN L L, et al. Salvia chinensis benth
inhibits triple-negative breast cancer progression by inducing the
DNA damage pathway [ J ] . Front Oncol, 2022, 12: 882784.
DOI: 10.3389/fonc.2022.882784.

[10] WANG N, TAN HY, CHAN Y T, et al. Identification of WT1
as determinant of heptatocellular carcinoma and its inhibition by
Chinese herbal medicine Salvia chinensis Benth and its active
ingredient protocatechualdehyde [J]. Oncotarget, 2017, 8 (62):
105848-105859. DOL: 10.18632/oncotarget.22406.

(110 524, TR A WA 25 ROy M ARSI i arse [ ]
A MR R 24, 2014, 22 (10) : 2492-2494. DOI: 10.3969/
j.issn.1672-4992.2014.10.74.

[12]JIAL, LINXR, GUOWY, et al. Salvia chinensia Benth induces
autophagy in esophageal cancer cells via AMPK/ULK1 signaling
pathway [ J] . Front Pharmacol, 2022, 13: 995344. DOI:
10.3389/fphar.2022.995344.

[13] ZHANG J J, DU J, KONG N, et al. Mechanisms and
pharmacological applications of ferroptosis: a narrative review [ J | .
Ann Transl Med, 2021, 9 (19) : 1503. DOI: 10.21037/atm—
21-1595.

[ 14 ] JIANG X J, STOCKWELL B R, CONRAD M. Ferroptosis:
mechanisms, biology and role in disease [J] . Nat Rev Mol Cell
Biol, 2021, 22 (4) : 266-282. DOI: 10.1038/541580-020-
00324-8.

[ 15 ] WANG D. Progress in the study of ferroptosis in cancer treatment :
state—of—the—Art [ J | . Chem Biol Interact, 2023, 371: 110348.
DOI: 10.1016/j.cbi.2023.110348.

[16] LI D X, ZHANG M L, CHAO H T. Significance of glutathione
peroxidase 4 and intracellular iron level in ovarian cancer cells—
utilization of ferroptosis mechanism [J] . Inflamm Res, 2021, 70

(10/11/12) : 1177-1189. DOI: 10.1007/s00011-021-01495-6.

[17] CHEN X, KANG R, KROEMER G, et al. Ferroptosis in
infection, inflammation, and immunity [ J ] . J Exp Med, 2021,
218 (6) : €20210518. DOI: 10.1084/jem.20210518.

[18] GAO M H, MONIAN P, PAN Q H, et al. Ferroptosis is an
autophagic cell death process [ J ] . Cell Res, 2016, 26 (9) :
1021-1032. DOI: 10.1038/cr.2016.95.

[19] XIA X J, FAN X P, ZHAO M Y, et al. The relationship
between ferroptosis and tumors: a novel landscape for therapeutic
approach [J]. Curr Gene Ther, 2019, 19 (2) : 117-124.
DOI: 10.2174/1566523219666190628152137.

CHlicfi 3972 2023-04-03; &M HI: 2023-07-21)
(RSl AR )





